###### Strengths and limitations of this study

-   This systematic review with meta-analysis will identify risk factors for recurrent falls.

-   The heterogeneity of fall-risk factors as well as the possible poor quality of included reports, which may limit the ability to generate conclusions based on high confidence.

-   This study is limited by imprecision in the pooled effect estimate due to possible small sample sizes in some studies.

-   This study may represent a healthier sample of recurrent fallers as a result of studies with significant loss to follow-up.

Introduction {#s1}
============

Falls are a major health concern and the second leading cause of unintentional injury deaths.[@R1] Older adults who fall more than once per year are defined as recurrent fallers.[@R2] Recurrent fallers are at higher risk for morbidity and mortality than non-fallers and single fallers.[@R7] Thus, secondary prevention is critical for minimising functional decline and maintaining quality of life.[@R14] A better understanding of risk factors for recurrent falls is needed to develop effective secondary fall prevention strategies.

Three systematic reviews have examined risk factors for recurrent falls among community-dwelling older adults but they included retrospective fall data.[@R18] Retrospective studies are prone to more recall bias compared with prospective studies, with 5.8% of non-fallers, 32.8% of single fallers and up to 50% of recurrent fallers deny falling in the previous year when comparing retrospective to prospective falls monitoring.[@R21] One of these reviews only searched the literature between 2010 and 2014,[@R20] greatly limiting the scope of published evidence. The strength of the evidence in two of the three reviews is difficult to determine because assessment of study quality and risk of bias were not performed.[@R19] Thus, there is a need for a systematic review of data solely from prospective studies (of falls) with an evaluation of study quality and risk of bias. Moreover, female sex[@R22] and greater dependence[@R23] have increased fall-risk factors and falls, thus they should be considered in analyses.

The risk factors unique to recurrent falls remain unclear. Therefore, the purpose of this study is to conduct a systematic review with meta-analysis of the risk factors for recurrent falls solely in prospective studies. Secondary research questions include (1) do these risk factors vary as a function of biological sex? and 2) do these risk factors vary as a function of living situation? Another secondary aim is to conduct sensitivity analyses to compare studies with low versus high risk of bias to draw accurate conclusions on risk factors for recurrent falls.

Methods {#s2}
=======

Design {#s2-1}
------

The current review methods followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Protocols (PRISMA-P; [online supplementary file 1](#SP1){ref-type="supplementary-material"})[@R24] and Meta-Analysis of Observational Studies in Epidemiology guidelines.[@R25]

10.1136/bmjopen-2019-033602.supp1

Inclusion criteria {#s2-2}
------------------

### Types of studies {#s2-2-1}

All prospective quantitative studies examining risk factors contributing to recurrent falls in older adults published in English or French will be included. Prospective falls data must be collected at least monthly (eg, phone calls, fall calendars) for 12 months to be included in this study. In case of multiple publications for one study, all articles will be used to obtain maximum information.

### Types of participants {#s2-2-2}

Studies will be included if participants: (1) are 60 years of age and older or are a mean age of 65 years and older; (2) are residing in the community, residential care or clinical environments; and (3a) are recurrent fallers having sustained two or more falls in the first prospective year following the initial assessment; or (3b) have had a documented fall(s) in the previous 6 months and are being followed prospectively for 6 months for subsequent fall(s). Note that a fall will be defined as 'an unexpected event in which the participant comes to rest on the ground, floor or lower level'.[@R26] A recurrent faller will be defined as a person falling more than once in a 12-month prospective period.[@R2] Risk will be defined as 'the probability that an unwanted health event (eg, a future fall) will occur'.[@R27]

### Exclusion criteria {#s2-2-3}

Studies will be excluded if they: (1) focus on patient groups (eg, neurodegenerative diseases) to promote a more homogeneous sample; (2) only include retrospective falls data; (3) do not separate single fallers from recurrent fallers; and 4) are not prospective (eg, cross-sectional studies, reviews and meta-analyses). Finally, we will contact authors to inquire about fall outcome data that are not reported and give authors 4 weeks to respond.

Search strategy {#s2-3}
---------------

The following electronic databases will be searched: MEDLINE (Ovid interface; 1946--2019), EMBASE (Ovid interface: 1974--2019), PsycINFO (Ebsco interface: 1597--2019) and CINAHL (Ebsco interface: 1982--2019) on 25 April 2019. The search strategy for each database is provided in [online supplementary file 1](#SP1){ref-type="supplementary-material"}. We will manually search bibliographies of articles included in the review, the references of other study reviews that match our inclusion criteria, trial registries and articles citing our eligible articles in Google Scholar and Web of Science. Conference proceedings will also be searched from the International Society for Posture and Gait Research between 1971 and 2019. We will also consult with content experts in the field to determine whether we have included all relevant articles ([figure 1](#F1){ref-type="fig"}).[@R24]

![Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow diagram of the identification, screening and eligibility of included articles.](bmjopen-2019-033602f01){#F1}

Study selection {#s2-4}
---------------

One author will complete the search and remove the duplicates. Two authors will screen the titles and abstracts for their potential inclusion against the eligibility criteria, screen the full texts and extract the data using a pretested extraction sheet. After screening and data extraction is complete, the reviewers will compare their extracted data. In case of discrepancies, discussion will be held until consensus is reached. A third review team member will be consulted if agreement cannot be reached. The PRISMA flow diagram will be constructed after the screening process. Excluded articles will be listed in [online supplementary file 1](#SP1){ref-type="supplementary-material"}.

Outcome measures and data extraction {#s2-5}
------------------------------------

The primary outcome measure will be the rate of prospective falls because frequent fallers generally exhibit more fall-risk factors and prospective falls study timelines are heterogeneous.[@R18] The fall rate per year will be calculated for each study using the following formula:

$$Fallrate = \frac{averagenumberoffallsperparticipant}{daysinthefollow - uptimeperiod} \times 365days$$

Based on a fall-risk classification system,[@R28] the data extraction sheet will be comprised of the following secondary outcomes.

-   Study characteristics: that is, article citation, country where the study was conducted, setting (community, hospital and long-term care), source of funding and declarations of interest of the primary researchers.

-   Sociodemographical factors: for example, age, sex, fall characteristics (eg, number of recurrent fallers, frequency retrospective and prospective falls, timeline of retrospective and prospective falls, method of collecting fall data, rate of falls, severity of injury(ies), time to first injury and fall-risk).

-   Balance and mobility factors: for example, Tinetti Balance & Gait Assessment,[@R29] Timed Up and Go Test (s),[@R30] gait speed (m/s), sit-to-stand (s) and sway area (mm^2^).

-   Sensory and neuromuscular factors: for example, visual impairment (eg, cataracts, glaucoma; %), contrast sensitivity (dB), vision score, hearing impairment (%), pain (%), proprioceptive function (° error), dizziness (%), reaction time (ms) and muscle strength (N/m^2^).

-   Psychological factors: for example, Mini-Mental State Examination,[@R31] Trail Making test,[@R32] fear of falling, Activities-specific Balance Confidence scale,[@R33] Geriatric Depression Scale,[@R34] dual-tasking and Central Nervous System measures (eg, MRI).

-   Medical factors: comorbidities (% of those with none, 1, 2 or \>2).

-   Medication use: Medications known to influence falls or fall-risk factors (eg, antidepressants, sedatives, diuretics and vitamin D; % of sample).

-   Environmental factors: for example, footwear (% of those with appropriate vs inappropriate shoes), weather conditions (% of falls in slippery, wet, loose gravel and dry conditions), time of day (% of falls in the morning vs evening) and location (% of falls indoors vs outdoors).

When possible, the means of these outcomes will be collected at baseline before prospective falls. Regression coefficients, standard errors, ORs and relative risk will also be extracted. We will examine any retraction statements and errata, which are associated with included studies and, where applicable, update the recorded data accordingly.

Missing data management {#s2-6}
-----------------------

Missing fall-risk classification outcome data will be requested from authors. If missing data still exists, the analysis will be conducted on the final available data. The potential impact of missing data on the review findings will be addressed in the final report.

Quality of reporting {#s2-7}
--------------------

Researchers and clinicians are often constrained with reports of studies including inadequate detail of information for data synthesis and implementation of findings.[@R35] Given the human and financial resources required to conduct clinical studies, inadequate reporting has ethical and moral implications.[@R36] The Strengthening the Reporting of OBservational studies in Epidemiology (STROBE) checklist was designed to guide researchers in the quality of reporting[@R37] and has shown good reliability,[@R38] however it was not designed to evaluate the quality of reporting.[@R39] To our knowledge, there are no dedicated or validated tools to assess the quality of reporting. Therefore, two authors will determine the reporting quality of the included articles using the STROBE to guide the interpretation of our findings. A study will be deemed as high quality if most criteria are met, while low quality will be assigned if few criteria are met. Reporting quality data from each study will be presented in tables and/or figures by STROBE tool items.

Risk of bias assessment {#s2-8}
-----------------------

Two independent reviewers will assess the risk of bias of each study using the Joanna Briggs Institute Prevalence Critical Appraisal tool and compare their results for any discrepancies. This tool was developed to assess the methodological quality of studies reporting prevalence data to be included in systematic reviews.[@R40] Using the Joanna Briggs Institute Prevalence Critical Appraisal Tool, a low risk of bias will be assigned to each eligible study if most methodological criteria are met, while a high risk of bias will be assigned for studies with few criteria are met. Disagreements between reviewers will be resolved through discussion with a third neutral reviewer on the team. In the discussion, a greater emphasis will be placed on studies with a low risk of bias. The risk of bias data from each study will be presented in tables and/or figures by Joanna Briggs Institute Prevalence Critical Appraisal tool items.

Data synthesis and summary of results {#s2-9}
-------------------------------------

The findings from the study will be presented in a narrative synthesis, structured around the fall-risk outcome measures and presented in tables and figures. A table of study characteristics will be displayed including the following variables: citation, sample size, % female, mean age and duration of prospective falls follow-up.

Where population and outcome of the studies are clinically, methodologically and statistically similar, a meta-analysis will be done by pooling appropriate data and using RefWorks V.2.0. If enough data support a quantitative synthesis of fall-risk outcomes, a random-effects meta-analysis will be performed on the pooled data given the potential heterogeneity in participant characteristics.

The I² test will be used to test the statistical heterogeneity among all studies as well as visual inspections of forest plots. We will consider a significance level less than 0.10 as evidence of heterogeneity. Substantial statistical (ie, I^2^ ≥ 50%) or methodological heterogeneity (eg, differences in fall-risk factors explored and variation in the tools used to measure fall-risk factors) may impact fall-risk factors.[@R41] A priori subgroup analyses will be explored by comparing important participant factors between studies (eg, age, sex, clinical condition, place of residence and number of recurrent falls) and study risk of bias factors (eg, adequate adjustment of confounding variables and losses of prospective falls calendars) to reveal potential sources of heterogeneity. Sensitivity analyses will be conducted to compare results with low versus high risk of bias. Studies will not be included in the meta-analysis if insufficient data are provided or if they have a high risk of bias. Funnel plot asymmetry will be conducted using a rank correlation between fall-risk factors effects and their SE.[@R42] A minimum of 10 studies will be included in funnel plot analyses to ensure that the test power is high enough to distinguish chance from real asymmetry.[@R41] If asymmetry occurs, we will consider reporting bias, poor methodological quality, true heterogeneity, artefactual and chance factors during interpretation.[@R41]

Data statement {#s2-10}
--------------

The dataset generated from this study will be available in the published article.

Patient and public involvement {#s2-11}
------------------------------

Patients will not be involved in the design of this study protocol, as no participant recruitment will be necessary.

Amendments {#s2-12}
----------

Should amendments to this protocol be necessary, they will be documented on PROSPERO.

Discussion, ethics and dissemination {#s3}
====================================

Many falls are preventable;[@R43] however, less is known about how to prevent falls among those at a high fall-risk. Thus, a better identification of risk factors for recurrent falls would inform best practices for fall-risk assessment and secondary fall prevention interventions. These results may benefit clinicians in better assessing and treating their clients, older adults and their caregivers by receiving best practice care, and policy makers with promoting and implementing best practice care. Should the eligible articles present with substantial heterogeneity in risk factors for recurrent falling, we will report the sources of heterogeneity in the results and discuss their impact on the review.

No ethics approval will be required. The results of this systematic review and meta-analysis will be disseminated via peer-reviewed publication and conference presentation.
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